Salt restriction is widely recommended for the prevention and management of hypertension. It is very important to reduce salt intake during childhood. This survey was conducted to investigate salt intake in Japanese children. The study subjects, totalling 1424, comprised 3-year-old children who received health checkups conducted by a public health center. Using first-morning urine samples, urinary concentrations of sodium, potassium and creatinine were measured. Additionally, the participants' parents filled out a questionnaire regarding their children's dietary habits. Urinary sodium and potassium concentrations were 140 ± 67 and 67 ± 41 mmol l À1 , respectively. The estimated urinary sodium excretion values had a wide distribution, with a mean value of 75±47 mmol per day (4.4 g per day of salt). Sodium excretion exceeded 100 and 200 mmol per day in 336 (24%) and 32 (2.2%) subjects, respectively. Urinary sodium excretion was significantly higher in children who had older siblings than in firstborn children (78 ± 49 vs. 72 ± 45 mmol per day, Po0.05). The urinary sodium/potassium ratio was also higher in the former group (3.0±2.7 vs. 2.7±2.2, Po0.01). Sodium excretion tended to be higher in children who ate daily snacks than in those who did not (76±48 vs. 71±44 mmol per day, P¼0.07). In contrast, potassium excretion was significantly higher and the sodium/potassium ratio was lower in children who ate fruits daily than those who did not (39 ± 29 vs. 33 ± 23 mmol per day and 2.6 ± 2.0 vs. 3.2 ± 2.7, Po0.01, respectively). These results suggest that excess salt intake occurs in a significant number of 3-year-old Japanese children. The presence of older siblings and dietary habits of eating snacks or fruits influence their sodium and potassium intake.
INTRODUCTION
Many epidemiological studies have shown that excess salt intake contributes to the development of hypertension. [1] [2] [3] [4] In addition, a high-salt diet is reported to have direct harmful effects; for example, it increases the risk of stroke, renal disease and cardiovascular disease, independently of blood pressure elevation. 5, 6 Moreover, a relationship between salt intake and stomach cancer has also been suggested. 7, 8 Therefore, a reduction in salt intake is an important issue for public health.
Although salt intake in Japan has decreased in recent years, a national survey showed that the average salt intake remains highup to 10.6 g per day in 2007. 9 The Japanese guidelines for the management of hypertension (JSH 2009 ) recommend the reduction of salt intake to o6 g per day in hypertensive patients. 10 In our previous survey on hypertensive outpatients, this reduction in salt intake was not achieved even in patients who are conscious about salt restriction. 11 Long-term compliance with salt restriction in hypertensive patients was also extremely low. 12 As it is difficult to change dietary habits in adults, education or intervention to reduce salt intake during childhood is very important. However, there are very few studies addressing salt intake in Japanese children. Therefore, this study was conducted to investigate salt intake in 3-year-old Japanese children and to examine the lifestyle characteristics associated with salt intake.
METHODS
The subjects were 3-year-old children who attended health checkups conducted by the Sawara public health center, Fukuoka City, Japan, from June 2008 to March 2009. On the day of the checkup, subjects collected their first-morning urine samples at home and brought the samples to the center. The aim and detailed procedures of this survey were explained to the parents, and written informed consent was obtained from them. Then, we asked the parents to fill out a questionnaire regarding their children's dietary habits, focusing especially on the frequency of eating snacks and fruits. The presence of older siblings and the parents' awareness about reducing salt intake were also investigated.
A total of 1679 children participated in the health checkup during the survey period. Among them, 1424 participants provided both the written informed consent and a urine sample with enough volume to analyze. Body height and weight were measured by nurses, and the body mass index (weight (kg)/height (m) 2 ) was calculated.
Using their first-morning urine samples, urinary concentrations of sodium, potassium and creatinine were measured. The 24-h urine volume of 3-to 5-year-old healthy Japanese children with a mean body weight of 17.4 kg was reported as 533±185 ml per day or 31±11 ml kg À1 . 13 As the mean body weight of the participants of the present study was 13.7 kg, we assumed the urine volume of 3-year-old children to be 500 ml per day. Based on the present finding that the average urinary creatinine concentration was 67.9±33.3 mg dl À1 , we also assumed that the urinary creatinine excretion was approximately 300 mg per day, and thus, daily urinary sodium excretion was expressed as mmol per 300 mg Cr.
Statistical analysis
Results are shown as the mean±s.d. The differences in the variables were compared by one-way ANOVA. Categorical data were analyzed using the w 2 -test. P values o0.05 were considered statistically significant.
RESULTS
The characteristics of the 1424 participants (745 boys and 679 girls) are presented in Table 1 . The mean body height and weight were 93.1 ± 3.4 cm and 13.7 ± 1.5 kg, respectively. Among the participants, 734 (52%) were firstborn children and 690 (48%) had older siblings. The urinary sodium and potassium concentrations were 139.5±67.0 and 66.6 ± 41.3 mmol l À1 , respectively. There was a significant positive correlation between urinary sodium and potassium concentrations (r¼0.17, Po0.01, Figure 1 ).
The mean value of urinary sodium excretion was estimated to be 75 ± 47 mmol per day (4.4 g per day of salt). As shown in Figure 2 , urinary sodium excretion levels had a wide distribution. Sodium excretion exceeded 100 and 200 mmol per day in 336 (24%) and 32 (2.2%) subjects, respectively. Using the same methods, urinary potassium excretion was estimated to be 36±26 mmol per day. Figure 3 shows the comparison of urinary sodium excretion, sodium/potassium ratios and body mass indexes between firstborn children and those with older siblings. Urinary sodium excretion levels were significantly higher in children with older siblings than in firstborn children (77.8 ± 48.6 vs. 72.1 ± 44.7 mmol per day, Po0.05). The urinary sodium/potassium ratios were also significantly higher in children with older siblings (3.0±2.7 vs. 2.7±2.2, Po0.01). As shown in Figure 4 , children who ate daily snacks compared with those who did not tended to have higher urinary sodium excretion levels (76.3±47.6 mmol per day, n¼1029, vs. 71.2±44.3 mmol per day, n¼386, P¼0.069) and significantly higher body mass indexes (15.8 ± 1.1 vs. 15.6 ± 1.1 kg m À2 , Po0.01). The prevalence of subjects who ate snacks daily was significantly (Po0.01) higher in the children 
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with older siblings (80%) than that in firstborn children (66%). Regarding fruit consumption, 655 participants ate fruits daily and the remaining 730 did not. Urinary potassium excretion was significantly higher and sodium/potassium ratios were significantly lower in children who ate fruits daily than in those who did not ( Figure 5 ). The body mass indexes were also significantly higher in children who ate fruits daily. A total of 69% of mothers reported that they were conscious about salt restriction. The maternal age of the salt-conscious group was significantly higher than that of the non-salt-conscious group (34 ± 4 vs. 33 ± 5 years, Po0.01). Although the urinary sodium excretion levels did not differ between children with salt-conscious mothers and those with non-salt-conscious mothers (74.4±46.6 vs. 75.4 ± 46.2 mmol per day, NS), the urinary potassium excretion levels were significantly higher for children with salt-conscious mothers than for children with non-salt-conscious mothers (36.7±27.8 vs. 33.5±21.3 mmol per day, Po0.05).
DISCUSSION
The major findings of the present study are that the mean salt intake of 3-year-old Japanese children is estimated to be 4.4 g per day and that a significant number of children seem to take in excessive amounts of salt. The presence of older siblings and dietary habits of eating daily snacks contribute to the increased salt intake, whereas eating fruits daily leads to an increase in urinary potassium excretion and a decrease in the sodium/potassium ratio. It is well established that salt excess contributes to the development of hypertension, and thus, salt restrictions are widely recommended for the prevention and management of hypertension. [1] [2] [3] [4] As in adults, the positive relationship between salt intake and blood pressure has already been reported in children. [14] [15] [16] [17] [18] [19] A large cross-sectional study in Great Britain that investigated 1658 children and adolescents with a mean age of 11±0.1 years showed a significant association of salt intake with systolic blood pressure (SBP). 14 That study estimated that increasing salt intake by 1 g per day would relate to an SBP increase of 0.4 mm Hg. According to a recent meta-analysis of 10 salt-reduction trials in children and adolescents, a modest reduction in salt intake had a significant influence on blood pressure. 15 With a 42% reduction in salt intake, which is equivalent to a decrease of approximately 3 g per day, SBP was reduced by 1.2 mm Hg and diastolic blood pressure was reduced by 1.3 mm Hg. In addition, a well-controlled doubleblind study was conducted in 1980 among 476 Dutch newborn babies to study the effect of a low-or normal-sodium diet on blood pressure during the first 6 months of life. 16 When salt intake was reduced by approximately 30%, the SBP at the sixth month was 2.1 mm Hg lower than that found in the usual salt group. Interestingly, 35% of the babies were followed up 15 years later, and it was found that the reduced-salt group continued to have a lower SBP by 3.6 mm Hg and a lower diastolic blood pressure by 2.2 mm Hg. 17 This observation clearly indicates that exposure to salt early in life influences blood pressure later in life.
As salt intake in Japan is known to be traditionally high, it seems extremely important to make an effort to reduce salt intake. 20 The difficulty in achieving dietary salt restrictions may be attributed partly to the difficulty in changing dietary habits formed during the early stages of childhood. Therefore, it seems important to develop appropriate dietary habits early in childhood. To our knowledge, few reports have investigated the salt intake of Japanese children. A national nutrition survey in 2007 reported that the average salt intake of 1-to 6-year-old Japanese children was 6.1 g per day. 9 The report Dietary Reference Intakes for the Japanese, 2010, issued by the Ministry of Health, Labor and Welfare, recommends that the salt intake for children should preferably be o4 g per day for 1-to 2-year-old children and o5 g per day for 3-to 5-year-old children. 21 In this study, 68.0% of the children were estimated to have a salt intake of o5 g per day, and a significant number of them exceeded the adequate salt intake level.
In the present study, the presence of older siblings was associated with high salt intake. Salt intake was also significantly higher in children who ate daily snacks, which usually have a high content of salt, fat and sugar. The presence of older siblings seems to be associated with the dietary habit of eating daily snacks. In contrast, potassium intake was significantly higher in children who ate fruits daily than in those who did not. These results suggest that children's salt intake can be influenced by their family members and that mothers should provide fruits instead of other types of snacks to their children.
Owing to the recent increase in the consumption of processed foods, salt intake is considered to be dependent on the amount of salt added by manufacturers rather than that added during cooking or at the table. Indeed, salt intake from processed foods accounts for approximately 80% of the total salt intake in developed countries. 22 Thus, it is obviously important to approach food manufacturers to reduce the salt content of processed food, just as it is important to educate parents to be aware of their children's-and their own-salt intake.
The limitation of the present study is that the method to estimate daily salt intake by measuring sodium concentrations of the firstmorning urine has not been validated. As we have not collected 24-h urine samples or obtained dietary records from the participants, we estimated the salt intake by assuming urinary creatinine excretion to be 300 mg per day. Obviously, further studies are required to validate this method of estimating daily salt intake.
In conclusion, the 3-year-old Japanese children in this study demonstrated high salt intake, and a significant number of them consumed excessive salt. As the presence of older siblings and the dietary habit of eating daily snacks or fruits influenced the children's sodium and potassium intake, it is important to educate the parents to encourage salt restriction for their children.
